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► Universal (also works for “unknown” cf-dimensional unitary) 

► Exact 

► Possible? 

► Optimal average fidelity: F^ax = ^ 

G. Chiribella and D. Ebler, New Journal of Physics (2016) 

► Fmax < 1 => Impossible... 
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Probabilistic heralded? 
For qubits, Possible! 
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► Is it optimal? 

► Qubits are nice, but what about general qudits? 

► How can we increase the success probability? 

► Higher-order operations and supermaps! 
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We want more! 

► Is it optimal? 

► Yes! d = 2 ^ p < I 

► Qubits are nice, but what about general qudits? 

► c/ > 2 => p = 0 

► How can we increase the success probability? 

► More calls/copies 



(Quantum combs, channel with memory, quantum strategy, quantum 
channels with sequential multiple uses) ^ 
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Qubit adaptive circuit 
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Optimal parallel unitary transposition 


Port-Based Teleportation: S. Ishizaka and T. Hiroshima, PRL (2008) 

M. Studzihski, S. Strelchuk, M. Mozrzymas, M. Horodecki, Sci. Rep. (2017) 
Unitary store and retrieve: M. Sedlak, A. Bisio, and M. ZIman, PRL (2019): 
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More general superchannels? 


Can we go beyond sequential 
quantum circuits? 


More general superchannels? 

Quantum Switch: 





Quantum computations without definite causal structure 
G. Chiribella, G. M. D'Ariano, P. Perinotti, B. Valiron 
PRA 2013 
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More general superchannels? 
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Process Matrices! (May have an indefinite causal order) 

G. Chiribella, G. M. D'Ariano, P. Perinotti, and B. Valiron, PRA (2013) 
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Figure: Optimal success probability of a heralded protocol that 
implements the inverse with k uses of Ud- 
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► Delayed input-state protocols: 
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